manifest as hirsutism, acne, frontal and temporal balding, deepening of voice, increased muscle mass, decreased breast size. In severe cases virilization involving clitoromegaly may occur. More than one third of women presenting to a dermatology clinic with acne are diagnosed to have PCOS. Premature adrenarce and hirsutism that occur before puberty have been associated with PCOS in adolescents. 2 Research to date suggests that Majority of patients with PCOS have insulin resistance. 3 Their elevated insulin levels contribute to or cause the abnormalities seen in the hypothalamic-pituitary-ovarian axis that lead to PCOS.
Other names for this syndrome include:
• Polycystic Ovarian Syndrome • Polycystic Ovary Disease (PCOD) • Functional Ovarian Hyperandrogenism • Stein-Leventhal Syndrome Two definitions are commonly used:
1. In 1990 a consensus workshop sponsored by the NIH/NICHD suggested that a patient has PCOS if she has
• signs of androgen excess (clinical or biochemical),
• oligoovulation, and • other entities are excluded that would cause polycystic ovaries.
2. In 2003 a consensus workshop sponsored by ESHRE/ASRM in Rotterdam indicated PCOS to be present if 2 out of 3 criteria are met:
• oligoovulation and/or anovulation, • excess androgen activity, • polycystic ovaries (by ultrasound), and other endocrine disorders are excluded.
Pathogenesis
Polycystic Ovaries develop when the ovaries are stimulated to produce excessive amounts of testosterone. In PCOS, the insulin receptors for carbohydrate metabolism are muted but the insulin receptor on ovarian theca cells are not compromised. Hence in PCOS subjects, the hyperinsulinemic state causes chronic theca cell stimulation and leads to hyperandrogenemia. 4 Moreover, the biological chronic hyperandrogenemia through its inhibition of hepatic synthesis of IGF -1 binding protein (IGF-1BP) increase the circulation of free form of biologically active IGF-1.
The free IGF-1 could either bind to the LH receptor in the theca cells to amplify the LH action in ovarian mechanism leading to hyperandrogenic biological expression in the hyperinsulinemia induced suppression of hepatic synthesis of SHBG that results in free form of testosterone in circulation. Hence control of insulin levels in the body proves to be logical therapeutic option with the dual benefit of improved reproductive performance and decreased incidence of hyperinsulinemia related metabolic diseases such as hypertension, obesity and atherosclerosis. Insulin sensitizing agents (ISAs) such as biguanides and thiazolidinedione group of drugs, have thus revolutionized the management of PCOS, with higer success rate and pregnancy salvage in infertile subjects.
Hyperinsulinemia could be controlled either by nonpharmacological or pharmacological insulin sensitizer, or preferably by combining both. The nonpharmacological strategy includes exercise, reduced carbohydrate intake, weight control and consumption of vegetables with antioxidants and phytomedicine. Till recently the pharmacological approach essentially relied up on improving the insulin receptor function and the insulin sensitivity employing various insulin sensitizing drugs.
Metformin
known for decreasing hepatic gluconeogenesis and thiazolidinedione group of drugs (eg. rosiglitazone) which enhance peripheral utilization of glucose have been the favourite choice. Recent study strongly suggested that PCOS result from the body's failure to use insulin properly and efficiently, which could be due to D-chiro inosital deficiency 5 which causes defective intracellular metabolism of glucose and thus insulin resistance in PCOS.
The pathophysiology in the D-chiro inositol administration, argues strongly for the physiological significance of this novel signaling system in the control of glucose metabolism. 5 Inositol phosphoglycan (IPG) generation following insulin action is a significant signaling mechanism. 5 Tho separate IPG species containing D-chiro inosital and myoinositol have been identified. Almost all the inositol in nature is myo-inositol. Specifically, hyperinsulinemia increases GnRH pulse frequency, LH over FSH dominance, increased ovarian androgen production, decreased follicular maturation, and decreased SHBG binding; all these steps lead to the development of PCOS.
Thus, the aim of the present study is to demonstrate the effect of oral hypoglycaemic drug, Insulin Sensitizer metformin on adolescent patients with PCOS.
METHODS
This study is performed on patients of age group of 10 to 20 years, attending the outpatient Department of Obstetrics and Gynecology, Lisie hospital, kaloor, cochin; over a period of 2 years.
A total of 80 patients are studied, all diagnosed to have PCOS, of which 40 patients form the test group (Group A) receive metformin, the remaining 40 form the control group (Group B) receive either placebos viz iron supplements etc or no treatment.
Inclusion criteria
Diagnosed Cases of PCOS, based on the criteria defined by European society of human reproduction and embryology (ESHRE) and the American society of reproductive medicine (ASRM)
The guidelines include the following three criteria
• Irregular or absent ovulation • Clinical or biochemical signs of hyperandrogenism. [6] [7] [8] • Polycystic ovaries on ultrasound scan. 9 Thus, patients with menstrual irregularities (irregular cycles, oligomenorrhea, secondary amenorrhea, polymenorrhea) are included. Patients with Hirsutism, any grade is included. 6, 7, 8 Patients with ultrasonographic diagnosis of PCOS are included.
Exclusion criteria
Patients with other causes of oligoovulation or anovulation • Regular cycles: the cycle length between 22 days to 35 days. • Secondary ammenorhea: the cycle length is more than 180 days or 6 months. • Irregular cycles: average length of the cycle between 21 days to 41 days but more than 2 cycles of less than 21 days or more than 41 days • Oligomenorrhea: cycle length of 42 -180 days to 6 months.
2. Hyperandrogenism is characterized by hirsutism, acne etc Hirsutism is assessed as per the FERRIMAN GALLWEY scoring system. 6 
Polycystic ovaries on ultrasound scan
The morphology of polycystic ovaries has been refined as an ovary with 12 or more follicles measuring 2-9 mm in diameter and/or increased volume (more than 10 cm 3 ) with one ovary being sufficient for diagnosis.
In the presence of a dominant follicle (>10 mm) or a corpus luteum, the scan should be repeated in the next cycle.
• A thorough general as well as systemic examination of the patients is done on the first visit. • Baseline blood counts, urine analysis, thyroid profile, prolactin levels, LFT are done. • Height, weight is noted.
• BMI (body mass index; quetlet index) is calculated.
• Other features are noted 10 i. Thyroids (to r/o goiter, hypothyroidism) ii.
Breasts (to r/o galactorrhoea) iii.
Waist to hip ratio (>0.8 considered significant) iv.
Hirsutism (ferriman gallwey scoring) v.
Acne. vi.
Acanthosis nigricans (to look for insulin resistance)
Patients are randomly classified into two groups
All patients are counseled about the occurrence of menstrual irregularities during adolescence and the association of menstrual irregularities with PCOS, nature of the syndrome and the need for weight reduction and lifestyle modification.
Diet control is by prescribing high protein, low carbohydrate diet, at least three light meals per day which are low in sugar and fat and high in fruit, fresh vegetables and salad.
Light sustained exercise such as walking, cycling or swimming for at least an hour at a time several times per week.
Group A is started on metformin [glycomet/diamet]. 11 Initially a dose of 500 mg daily is given and then the dose is increased gradually.
Group B is given placebos viz some iron supplements. Monthly follow up, for 6 months is done. Occurence of any adverse effects with metformin is noted.
At the end of 6 months, patients are assessed as regards to
• Regularization of menstrual cycle.
• Reduction in body weight. 5% or more than 5% weight loss is considered significant
Statistical analysis
Data of each patient was entered in MS Excel sheet and was analyzed using statistical package of social sciences (SPSS) 21.0. Statistical significance was set at p≤0.05.
RESULTS
In the present study 56.25% of patients belong to the early adolescent age group, 35% belong to the mid adolescence age group, while 12.5% are in the late adolescent age group. A total of 76.25% patients had menarche at 12-13 years, 23.75% patients had menarche at 14-16 years, 83.75% patients came complaining of irregular periods, 8.75% had menorhaggia, 5% had secondary amenorrhea while 2.5% had polymenorrhea. The results of this study suggest that the addition of insulin sensitizers viz metformin along with diet and lifestyle modifications has resulted in significant weight loss and improvement in cyclicity of menstrual cycle. 12 Thus Insulin-sensitizing agents provide a rational approach to the treatment of the metabolic and endocrine abnormalities in PCOS women In this study 56% had BMI more than 25kg/m 2 whereas the remaining 44% were lean PCOS. 
80
(100%) Here 95% of patients in the test group had regular menstrual cycle at the end of 6 months, only 35% of patients in control group had regularization of menstrual cycle after 6 months. In this case p value (0.0001) <0.05 indicates that there is some relation between the two variables. Weight loss with metformin occurred in obese as well as lean PCOS patients, though the incidence of weight loss was higher in obese patients. Weight loss was seen more in patients with grade 2 hirsutism as against grade1 hirsutism. The loss of weight was gradual. For obese PCOS women weight loss of more than 5% of pretreatment weight restores menstrual regularity in 89%. 13 A 6-month course of metformin improves menstrual cyclicity in women with the PCOS. 
DISCUSSION
This study demonstrates the usefulness of metformin therapy in achieving menstrual cyclicity in the majority of women in our population within six months. The same has been reported in some western studies previously. 14 Oral contraceptives and anti-androgens have been the mainstay of treatment of PCOS, but as the women in this study with oligo/amenorrhea are in the adolescence age group, metformin is a better option as it helps women to regularize the menstrual cycle through its effect on the underlying pathology viz. insulin resistance. This was proved by regularization of menstrual cycle as well as significant weight reduction and in our study group after metformin treatment. 15 Most of the compared studies were observational studies, in which metformin was administered to women with PCOS, with recording of biochemical and clinical effects before and during treatment. The end-points studied varied from clinical benefits viz. regularisation of menstrual cycle, decreased hirsutism to effects on ovulation and pregnancy. Almost all studies were of short duration (4-6 months at most); the clinical effects of metformin may take longer to be fully manifest. 15 Most publications indicate improvement in spontaneous menstruation in 20%-50% of women.
One important study by Kolodziejczyk B et al randomly allocated women to therapy with metformin or conventional therapy for normalising menstrual activity and reducing androgen excess. 15 This study showed reductions in body weight, insulin levels and androgens with metformin, but an increase in glucose intolerance with the conventional therapy. Similar results were seen in our study where the study group which was given metformin for a period of 6 months showed a significant reduction in weight and improvement in menstrual regularity as compared to the control group receiving placebo.
Two important randomised, double-blind, placebocontrolled trials of metformin therapy in women with PCOS by Moghetti P et al and Pasquali R et al have recently been published. 16, 17 In one, 23 women with PCOS randomly allocated to treatment with either placebo or metformin for six months showed significant benefits in menstrual pattern, ovulation rate, insulin sensitivity, and serum free testosterone levels, without changes in body weight. 16 Almost 50% of the women involved developed ovulatory cycles, and thus regular menses during an open-label, long-term extension of the study. In the other, 20 women with obesity and PCOS and 20 with obesity only were randomly assigned to either placebo or metformin therapy for six months. Metformin reduced visceral fat mass and improved hirsutism and menstrual pattern in those with PCOS. 17 In the present study 56.25% of patients belong to the early adolescent age group, 35% belong to the mid adolescence age group, while 12.5% are in the late adolescent age group.
Driscoll DA et al studied the occurrence of PCOS in adolescence and found that about 60% of adolescent PCOS belong to the early adolescent age group similar to that seen in present study. 18 Ibanez L et al studied the post pubertal Girls with a history of premature pubarche and functional ovarian hyperandrogenism and found that adolescent patients with PCOS have menarche at an early age (12-13 yrs) , which is similar to the results in our study where a total of 76.25% patients had menarche at 12-13 yrs. 19 20 Dunaif et al studied the occurrence of hirsutism in 77.7% of patients with PCOS. 20 Timpatanapong P et al studied hormonal profiles and prevalence of polycystic ovary syndrome in women with acne in1997 and documented frequent association of acne in women with PCOS. 21 83.75% of patients in this study had acne which is similar to the results obtained by Timpatanapong P et al. 21 85% patients in the present test group had lost weight at the end of 6 months while only 55% in the control group had lost weight in 6 months. Weight loss of more than 5% was considered significant.
In this study 56% had BMI more than 25kg/m 2 whereas the remaining 44% were lean PCOS. Weight loss with metformin occurred in obese as well as lean PCOS patients, though the incidence of weight loss was higher in obese patients. The loss of weight was gradual.
These results were similar to study by Tang T et al who conducted a Combined lifestyle modification and metformin in obese patients with polycystic ovary syndrome, which was a randomized, placebo-controlled, double-blind multicentre study and proved that Metformin along with diet and lifestyle modification is better effective than diet and lifestyle modification alone. 22 Kolodziejczyk B et al studied and suggested that, Metformin reduces the endocrinopathy of PCOS, allowing resumption of normal menses in most (91%) women with PCOS. Similar results were obtained in this study where 95% of the study group while only 35% of the control group had regular cycles at the end of 6 months. A 6-month course of metformin improves menstrual cyclicity in women with the PCOS.
Insulin-sensitizing agents provide a rational approach to the treatment of the metabolic and endocrine abnormalities in PCOS women. Diamanti-Kandarakis E, Zapanti E studied the effect of insulin sensitizers and found metformin to be effective in regularization of menses. 23 42.5% patients in this study had minor side effects with metformi intake viz GI upset, malaise and nausea.None had major complications while 57.5% patients tolerated the drug well and had no side effects.
Metformin therapy was well tolerated by the majority of our patients which is consistent with other studies. Homburg R Apr studied the adverse effects of metformin and found the commonest to be GI upset such as flatulence and other major complications to be rare. 24 Thus, Metformin proves to be a very excellent option along with lifestyle modifications and weight loss for regularizing menstrual irregularities in Adolescent patients with PCOS.
